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Abstract
Background: Increasing childhood obesity has become a major health threat. This cross-sectional study reports
associations between schoolchildren’s waist circumference (WC) and risk of elevated blood pressure.
Methods: We measured height, weight, neck and waist circumference, and blood pressure in regular health
examinations among children in grade 1 (ages 6-7 years) at six elementary schools in Taipei County, Taiwan.
Elevated blood pressure was defined in children found to have mean systolic or diastolic blood pressure greater
than or equal to the gender-, age-, and height-percentile-specific 95th-percentile blood pressure value.
Results: All 2,334 schoolchildren were examined (response rate was 100% in the six schools). The mean of systolic
and diastolic blood pressure increased as WC quartiles increased (p < 0.0001). The prevalence of elevated blood
pressure for boys and girls within the fourth quartile of waist circumference was 38.9% and 26.8%, respectively. In
the multivariate logistic regression analyses, the adjusted odds ratios of elevated blood pressure were 1.78 (95%
confidence interval [CI] = 1.13-2.80), 2.45 (95% CI = 1.56-3.85), and 6.03 (95% CI = 3.59-10.1) for children in the
second, third, and fourth waist circumference quartiles compared with the first quartile. The odds ratios for per-unit
increase and per increase of standard deviation associated with elevated blood pressure were 1.14 (95% CI = 1.10-
1.18) and 2.22 (95% CI = 1.76-2.78), respectively.
Conclusions: Elevated blood pressure in children was associated with waist circumference. Not only is waist
circumference easier to measure than blood pressure, but it also provides important information on metabolic risk.
Further research is needed on effective interventions to identify and monitor children with increased waist
circumference to reduce metabolic and blood pressure risks.
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Background
Recent studies have shown significant increases in obe-
sity among Asian and Caucasian children over the past
20 years [1-3]. In Taiwan, the prevalence of obesity
among children aged 12-15 was 11.3%, 13.0%, and 13.7%
in 1980-1982, 1986-1988, and 1994-1996, respectively
[1]. Among children aged 7-13 years in Canada, the pre-
valence of obesity rose from 5% in 1981 to 15% in 1996
for girls and 17% for boys [2]. In the United States, the
prevalence of obesity among children aged 6-11 years
was as high as 15.8% in 1999-2002 [3]. Among children
and adolescents aged 10-19 years, this is of particular
concern because childhood obesity is associated with
high risks of hypertension as well as type 2 diabetes,
abnormal lipid profiles and early atherosclerosis [4-12].
In addition, childhood obesity is associated with high
risk of adult hypertension [13]. Children with elevated
blood pressures are at increased risk of hypertension
and metabolic syndrome later in life [14].
Pediatric hypertension is increasing along with the
pediatric obesity epidemic. Blood pressure measurement
has not been included in elementary schoolchildren’s
health examinations, nor have blood pressure checks
been required during pediatric medical visits in Taiwan.
This has led to underdiagnosis of pediatric hypertension
in clinical settings [15].
Body mass index is a common measure used to iden-
tify obesity. However, compared with body mass index,
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gating metabolic abnormalities such as hypertension and
impaired fasting glucose [5-7,16-24]. Maffeis et al. sug-
gested that WC is very helpful in detecting metabolic
and cardiovascular risks among overweight children
[23]. Although increased WC is well-defined as a risk
factor in adults, such studies in children were rare. Few
studies have investigated the association between hip
circumference and elevated blood pressure [25-27]. Stu-
dies investigating the relationship between WC and ele-
vated blood pressure in school-age children also have
been lacking. This study thus investigates the association
between WC and elevated blood pressure among
children aged 6-7 years in Taiwan.
Methods
Study design
We conducted health examinations among 7-year-old
first-grade children at six public elementary schools in
Taipei County, Taiwan. In 2007, 12 of 211 (5.7%) public
elementary schools (enrolling 5142 students) in Taipei
County cooperated with Taipei Medical University Hos-
pital for regular health examinations. More than 95% of
Taiwan’s children study at public elementary schools.
These 12 public elementary schools were of medium
size and located in moderately urbanized areas of mixed
socioeconomic status. We randomly chose six of these
schools (enrolling 2,447 students) to collected data for
this study. The age and sex distribution of children in
the six schools was similar to the other six schools. The
gender distribution in our study (the proportion of boys
was 52.16%) was similar to other studies (52.57%) con-
ducted in Taiwan among children aged 6-7 years
[28,29]. Recruitment took place as part of the school’s
annual health examination, and the study presented no
eligibility criteria except willingness to participate. In the
past, annual elementary school health examinations
included height and weight measurement, an oral
check-up, a vision test and some basic medical examina-
tions. This study added neck circumference, waist cir-
cumference, and blood pressure measurements to the
regular examination after consent was obtained from
elementary school administrators and families. All first-
grade students at these six elementary schools were
examined using the same protocol.
The numbers of first-grade children at schools A, B,
C, D, E and F were 329, 642, 300, 368, 634, and 174.
Teams consisting of six physicians, two dentists, nine
registered nurses and three research assistants con-
ducted these health examinations. About 103 children
were excluded from analysis because their values were
considered to be incorrect due to data registry error
and/or incomplete anthropometric information. There
were no significant differences in age or sex between
children included (n = 2447) and those not included (n
= 2695). This study was approved by the Research
Ethics Committee of Taipei Medical University Hospital.
Oral informed consent was obtained from parents of
examinees.
Measurements
Children wearing lightweight clothing without shoes
were measured for standing height (stadiometer, Body-
meter 208; SECA, Hanover, Germany) and weight (scale,
HA-521; Tanita, Tokyo, Japan) [5]. A nonelastic flexible
tape measure was used to measure neck, waist, and hip
areas without clothing as the subjects stood [5]. In this
study, neck circumference was measured midway on the
neck, between the mid-cervical spine and mid-anterior
neck to within 0.1 cm [30,31]. The smallest circumfer-
ence between the hip and chest was measured as WC [8].
The hip circumference was measured at the greater tro-
chanter [25-27]. Because boys have larger WC and hip
circumference compared with girls [7,10,16,24,25,32], we
used sex-specific cutoff points to divide WC and hip cir-
cumference into separate quartiles for boys and girls.
Waist-to-height ratio was calculated as waist/height
[21,23,33]. We used weight (kg) divided by the square of
height (m
2) to calculate body mass index. The instru-
ments (measuring height, weight, and blood pressure)
were calibrated according to standard operating prode-
dures before measuring for anthropometries and blood
pressure.
The blood pressure measurement followed the recom-
mendation of the Fourth Report on the Diagnosis, Eva-
luation and Treatment of High Blood Pressure in
Children and Adolescents [34]. In the morning, after
students had sat quietly for at least 5 minutes, we mea-
sured blood pressure using a mercury sphygmoman-
ometer on the right arm with a cuff that covered more
than two-thirds of the upper arm. The first and fifth
Korotkoff sounds were recorded as the systolic and dia-
stolic blood pressure. To avoid the effects of white-coat
hypertension, blood pressure was measured twice and
blood pressure value was taken as the mean of the two
measurements. The anthropometry and blood pressure
measurements were completed by two trained medical
research assistants supervised by a senior medical doc-
tor. There were no significant differences in height,
weight, body mass index, WC, hip circumference, and
blood pressure values between the two research assis-
tants (operators) except for systolic blood pressure in
girls. To avoid the operator effect, we considered the
operator as a covariate in the final model. Elevated
blood pressure was defined in students found to have
either mean systolic or diastolic blood pressure greater
than or equal to the gender-, age-, and height-percen-
tile-specific 95th-percentile blood pressure value
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Pressure Education Program Working Group on Hyper-
tension Control in Children and Adolescents [35].
Statistical analysis
Kruskal-Wallis tests were used to compare the means of
height, weight, body mass index, neck circumference,
WC, hip circumference, and blood pressure between
quartiles of WC by sex. We used Chi-square tests to
compare the proportion of elevated systolic blood pres-
sure, elevated diastolic blood pressure, and elevated
blood pressure between quartiles of WC circumference.
Pearson’s correlation coefficients were used to investi-
gate the correlations between WC and height, neck cir-
cumference, hip circumference, body mass index, and
blood pressure. Sex-specific odds ratios (ORs) and cor-
responding 95% confidence intervals (CIs) for elevated
blood pressure in association with WC and hip circum-
ference were calculated in multivariate logistic regres-
sion analysis adjusted for age, sex, operator, height, and
body mass index. For further analysis, we used per-unit
increase and per-standard deviation (SD) increase in hip
circumference, waist-to-height ratio and body mass
index to predict elevated blood pressure in the multi-
variate logistic regression analysis, and calculated corre-
sponding ORs and 95% CIs. We also estimated the sex-
specific sensitivity specificity, positive predictive value
and negative predictive value of WC for predicting ele-
vated blood pressure. All analyses were performed with
SAS software, version 8.0 (SAS Institute Inc., Carey, NC,
USA). Two-sided probability value < 0.05 was consid-
ered statistically significant.
Results
All anthropometric measurements, including height,
weight, body mass index, neck circumference and hip
circumference, and all measures of blood pressure,
including systolic blood pressure, diastolic blood pres-
sure, and elevated blood pressure, increased with
increasing waist circumference (Table 1).
As shown in Figure 1, within each sex, children with
high BP had higher WC than those with normal BP.
The mean of hip circumference was higher in children
with elevated blood pressure than in children with nor-
mal blood pressure both in boys and girls. Table 2
shows that WC is positively correlated with height, body
mass index, hip circumference, and blood pressure in
both girls and boys. The high correlations between hip
circumference and blood pressure were also noted in
boys and girls. Height is also positively correlated with
systolic and diastolic blood pressure in boys and girls.
I nt h em u l t i v a r i a t el o g i s t i cr e g r e s s i o n ,e l e v a t e db l o o d
pressure was associated with quartiles, per-unit increase,
and per-SD increase of WC both in girls and boys
(Table 3). The corresponding ORs of elevated blood
pressure associated with quartiles, per-unit increase, and
per-SD increase of hip circumference were also noted in
girls and boys. Per-unit and per-SD increase in waist-to-
height ratio were associated with risk of elevated blood
pressure. However, there was no significant association
between body mass index (per-unit increase or per-SD
increase) and elevated blood pressure after adjusting
covariates.
The best cutoff points for WC to predict elevated
blood pressure for boys and girls were 59 cm (sensitivity
= 62.69%, specificity = 67.75%, positive predictive value
= 34.5%, negative predictive value = 86.9%) and 57 cm
(sensitivity = 62.58%, specificity = 63.61%, positive pre-
dictive value = 22.6%, negative predictive value =
90.9%), respectively (not shown in the tables).
Discussion
This study meticulously investigated the relationship
between WC and elevated blood pressure among chil-
dren aged 6-7 years after adjustment for age, sex, opera-
tor, height, and body mass index. Children with elevated
blood pressure had higher mean WC than those with
normal blood pressure. Over a quarter of the children
(26.8%) in the highest WC quartile had elevated blood
pressure, revealing that high WC is a risk factor for ele-
vated blood pressure in children aged 6-7 years.
Associations between elevated blood pressure and WC
have been documented among children in Mexico,
Greece and the United States [21,36,37]. Stratification of
WC into quartiles may be useful in investigating ele-
vated blood pressure. In our study, higher risk for ele-
vated blood pressure was also found in children in the
highest quartile than in children within the lower quar-
tiles. A previous study found that with one cm incre-
mental increase in WC, the OR of elevated blood
pressure was 1.06 (95% CI = 1.01-1.11) [10]. However,
we demonstrate a more significant OR in our study (OR
= 1.14, 95% CI = 1.10-1.18).
In contrast with another study [38], we found elevated
blood pressure had a higher association with WC than
body mass index. Previous studies considered body mass
index as a covariate in the association between waist cir-
cumference and hypertension [9,18]. Among prepubertal
children in the present study, waist circumference per se
may be a useful parameter to predict elevated blood
pressure independently of body mass index. Although
body mass index and WC have a very high correlation
coefficient and may be used interchangeably, our study
found a significant association between large WC and
elevated BP after adjusting for body mass index. Body
mass index represented whole-body obese status, while
WC was considered an indicator of central obesity or
abdominal obesity. Compared with body mass index it is
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greater association with metabolic syndrome and cardio-
vascular diseases [39].
The relation between childhood cardiovascular risk
factors and metabolic syndrome is undeniable [40].
Among children and adolescents in US, mean WC and
prevalence of abdominal obesity both greatly increased
between 1988-1994 and 1999-2004 [16]. Increased WC
may play a crucial role in cardiovascular disease and
metabolic syndrome. A cut-off point of 1.3 standard
deviation score of WC was suggested by Fredriks et al.
to screen for increased abdominal fat mass in Dutch
children [32]. Hirschler et al. showed that WC was a
predictor of insulin resistance in children and could be
included in clinical practice as a simple tool to help
identify children at risk [5]. Combining body mass index
and WC could increase the prediction of elevated blood
pressure and metabolic syndrome; it could also be used
in clinical settings to evaluate risks to children’sh e a l t h
[36]. In Italy, obese children with WC > 90th percentile
had a higher risk for metabolic syndrome (OR = 13.1)
[23]. This shows waist circumference measurement may
help identify children at risk for metabolic syndrome
[41]. Waist circumference also seems to be the best pre-
dictor of metabolic syndrome in pediatric clinical set-
tings [6].
Simple anthropometric measurements are the most
commonly used and practical tools for assessing body
composition [22]. WC is a simple measure of abdominal
obesity and predicts total fat content well in children
[16,22]. Compared with body mass index, abdominal
obesity may be a better predictor than overall obesity of
hypertension and metabolic abnormalities [5,7,16-21,24].
WC is much easier to measure than blood pressure in
terms of training and access to equipment, especially in
low-income settings. Blood pressure measurement
Table 1 Characteristics of children aged 6-7 years by quartiles of waist circumference
Quartiles
1
st 2
nd 3
rd 4
th
Mean ± SD Mean ± SD Mean ± SD Mean ± SD p-value
Boys
Number 381 286 257 288
Age, years 6.4 ± 0.3 6.4 ± 0.3 6.5 ± 0.5 6.4 ± 1.4 0.0007
Height, cm 117.6 ± 4.6 119.3 ± 4.4 121.2 ± 4.8 123.4 ± 4.5 < 0.0001
Weight, kg 20.9 ± 2.4 22.5 ± 2.4 24.8 ± 3.1 31.0 ± 5.3 < 0.0001
BMI, kg/m
2 15.1 ± 1.2 15.8 ± 1.3 16.9 ± 1.7 20.3 ± 2.9 < 0.0001
NC, cm 25.6 ± 1.1 26.3 ± 1.8 27.2 ± 1.3 29.2 ± 1.9 < 0.0001
WC, cm 52.2 ± 1.7 56.0 ± 0.8 59.4 ± 1.1 67.8 ± 5.8 < 0.0001
HC, cm 63.4 ± 3.1 66.1 ± 2.8 69.1 ± 5.1 76.7 ± 5.4 < 0.0001
SBP, mmHg 95.0 ± 13.8 97.1 ± 13.3 103.6 ± 13.2 110.3 ± 15.6 < 0.0001
DBP, mmHg 58.0 ± 11.4 60.1 ± 11.8 64.2 ± 11.6 68.4 ± 13.6 < 0.0001
E-SBP, % 7.6 10.1 17.5 30.9 < 0.0001
E-DBP, % 7.1 8.7 14.4 21.9 < 0.0001
EBP, % 11.0 15.0 24.5 38.9 < 0.0001
Girls
Number 294 286 273 269
Age, years 6.4 ± 0.29 6.5 ± 0.5 6.5 ± 0.3 6.5 ± 0.4 0.0747
Height, cm 116.3 ± 4.78 117.9 ± 4.6 119.3 ± 4.5 122.1 ± 4.8 < 0.0001
Weight, kg 19.9 ± 2.59 21.4 ± 2.3 23.2 ± 2.8 28.1 ± 4.8 < 0.0001
BMI, kg/m
2 14.7 ± 1.23 15.4 ± 1.3 16.3 ± 1.5 18.8 ± 2.5 < 0.0001
NC, cm 24.8 ± 1.04 25.3 ± 1.1 25.9 ± 1.8 27.5 ± 1.6 < 0.0001
WC, cm 50.3 ± 1.75 54.1 ± 0.8 57.3 ± 1.1 64.1 ± 4.2 < 0.0001
HC, cm 62.8 ± 3.08 65.2 ± 4.6 68.2 ± 3.3 73.9 ± 5.0 < 0.0001
SBP, mmHg 92.2 ± 14.6 95.2 ± 13.3 98.2 ± 14.0 103.0 ± 13.5 < 0.0001
DBP, mmHg 57.2 ± 10.8 58.4 ± 11.0 61.3 ± 12.6 64.0 ± 12.2 < 0.0001
E-SBP, % 5.1 8.0 10.3 19.7 < 0.0001
E-DBP, % 5.1 6.6 8.8 15.2 < 0.0001
EBP, % 6.8 11.9 13.6 26.8 < 0.0001
BMI, body mass index; NC, neck circumference; WC, waist circumference; HC, hip circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; E-SBP,
elevated systolic blood pressure; E-DBP, elevated diastolic blood pressure; EBP, elevated blood pressure
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liable to be falsely elevated unless measured with care
and in stress-free situations. Because WC is significantly
correlated with blood pressure, we suggest measurement
of WC as a screening tool for elevated blood pressure in
children. Our study’s moderate sensitivity and specificity
suggest that using WC to screen for elevated blood
pressure in children should be performed carefully.
Some children with elevated blood pressure may not
have large WC, and vice versa.
In addition, waist-to-height ratio is another index to
measure abdominal obesity. Much evidence suggests
waist-to-height ratio is associated with elevated blood
pressure [21,23,33]. In our study, the association
between WC and elevated blood pressure is greater than
the association between waist-to-height ratio and ele-
vated blood pressure after adjustment for age, sex,
operator, height, and body mass index.
Compared to WC, the association between hip cir-
cumference and elevated blood pressure was poorly
understood. Previous studies associated larger hip cir-
cumference with reduced risk of elevated blood pressure
in adults [25-27], but studies investigating the associa-
tion in children are lacking. Our study suggests an inde-
pendent association between pediatric hip circumference
and elevated blood pressure, and that hip circumference
is as good as WC in predicting elevated blood pressure
in children.
Limitations
We have no information on family history of cardiovas-
cular diseases, intake of sugar-added beverages, or nutri-
tional status and lifestyle in these elementary school
Panel A 
Panel B 
Figure 1 Means of waist circumference and hip circumference
by sex and status of elevated blood pressure. (NBP, normal
blood pressure; EBP, elevated blood pressure); P < 0.0001 among
four groups in both panels.
Table 2 Pearson’s correlation coefficient between anthropometrics and blood pressure by sex
Height, cm NC, cm WC, cm HC, cm BMI, kg/m
2 SBP, mmHg DBP, mmHg
Boys
Height, cm 1
NC, cm 0.429 1
WC, cm 0.456 0.726 1
HC, cm 0.541 0.706 0.844 1
BMI, kg/m
2 0.337 0.728 0.814 0.807 1
SBP, mmHg 0.178 0.305 0.377 0.375 0.321 1
DBP, mmHg 0.155 0.238 0.316 0.300 0.233 0.683 1
Girls
Height, cm 1
NC, cm 0.450 1
WC, cm 0.456 0.656 1
HC, cm 0.556 0.647 0.792 1
BMI, kg/m
2 0.347 0.646 0.763 0.748 1
SBP, mmHg 0.194 0.252 0.295 0.340 0.211 1
DBP, mmHg 0.135 0.169 0.224 0.229 0.132 0.678 1
All at significant difference (p < 0.0001)
BMI, body mass index; HC, hip circumference; NC, neck circumference; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure
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hypertension [42-44]. Another limitation of this study is
that we excluded 103 children from the analysis because
of incorrect data entry or anthropometric information.
Furthermore, our cross-sectional study could not infer
causation. Despite this study’s limitations, our study
could be generalized to the same-age population in Tai-
wan, and the significant findings suggest that increased
WC may predict elevated blood pressure in children.
Conclusions
This study showed that elevated blood pressure in chil-
dren was associated with waist circumference, which is
both easier to measure than blood pressure and provides
important information on metabolic risk. We also found
that hip circumference is as good as WC in predicting
elevated blood pressure in children. This suggests the
need to monitor elevated blood pressure in childhood
by taking regular WC and blood pressure measurements
during school health examinations. Further research is
needed into the effectiveness of interventions to monitor
waist circumference to reduce BP and metabolic risks in
children.
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